Ulcerative colitis (UC) is a common form of inflammatory bowel disease (IBD) characterized by a diffuse mucosal inflammation of the colon and rectum. The exact cause of the disease is not completely understood; however, a combination of genetic and environmental factors are thought to play a crucial role in its pathogenesis.\[[@ref1]\] The pathological findings associated with UC include the following: An increase in inflammatory mediators such as prostaglandins (PG) and leukotrienes (LT), which are produced from arachidonic acid. Clinical and experimental studies have confirmed that the levels of prostaglandin E2, thromboxane A2, prostacyclin, and especially LTB4 during colonic inflammation were highly increased.\[[@ref2]\] Other contributing factors include: Oxidative stress, altered colonic milieu, abnormal mucosal content of glycosaminoglycan (GAG), decreased oxidation of short chain fatty acids (SCFAs), increased intestinal permeability, increased sulfide production, and decreased methylation.\[[@ref1]\]

Pharmacological management of IBD including UC is based on using drugs such as sulphasalazine (SSZ), 5-aminosalicylic acid (5-ASA), corticosteroids, immunomodulator drugs \[azathioprine (AZA) and methotrexate (MTX)\], 6 mercaptopurine (6-MP), calcineurin inhibitors (cyclosporin and tacrolimus), and anti-TNF-alfa antibodies (infliximab, adalimumab, and certolizumab). The choice of treatment depends on the clinical goal (induction or maintenance of remission), extent and severity of disease, response to current or prior medication, and the presence of complications.\[[@ref3]\]

Traditionally, folk medicine is used in many countries to control the symptoms of IBD including UC. Several experimental and clinical studies have confirmed the ability of many natural products to relieve UC including: *Aloe vera*,\[[@ref4]\] *Boswellia serrata gum resin*,\[[@ref5][@ref6]\] *Gingko biloba*\[[@ref7][@ref8]\] *Liqorice*,\[[@ref9]\] fenugreek,\[[@ref10]\] *Curcumin*,\[[@ref11]\] *Psyllium*,\[[@ref12]\] *Triticum aestivum*,\[[@ref13]\] *Zingiber officinale*,\[[@ref14]\] and Green tea (*Camellia sinensis*).\[[@ref15]\] Marine and botanical oils (fish oil and olive oil) have also demonstrated beneficial effects in prophylaxis and treatment of IBD.\[[@ref16][@ref17][@ref18][@ref19]\]

*M. parviflora* is an annual or perennial herb, up to 10--30 cm tall, native to North Africa, Europe, Asia, and elsewhere. Raw leaves have a mild pleasant flavor; they make a very acceptable alternative to lettuce in salads.\[[@ref20]\] In Libya, because of its widespread availability, *M. parviflora* leaves and fruit have been used as a survival food during the years of famine and war where it was cooked as a soup or a stew and served with bread.

*M. parviflora* leaf extracts possess anti-inflammatory, analgesic, antioxidant, neuroprotective, antibacterial, and antifungal activities.\[[@ref21][@ref22][@ref23][@ref24]\] The leaves are used in drawing swollen, inflamed purulent wounds. Hexane extract of *M. parviflora* leaves can efficiently inhibit insulin resistance, lipid abnormalities, and oxidant stress.\[[@ref25]\] Decoction from aerial parts of *M. parviflora* showed antiulcerogenic activity against ethanol-induced gastric ulcer model in rats.\[[@ref26]\] Successive solvent extraction method using petroleum ether, chloroform, and methanol have showed a counter-irritant effect on rabbit\'s ear with the petroleum ether fraction of *M. parviflora* exhibiting the prominent counter-irritant potential.\[[@ref27]\]

This study was aimed to evaluate the effects of pretreatment with the methanolic and aqueous extracts of *M. parviflora* L. on acetic acid-induced colitis in rats by assessing both the macroscopic and microscopic parameters.

MATERIALS AND METHODS {#sec1-1}
=====================

*Plant collection* and preparation of the extracts {#sec2-1}
--------------------------------------------------

The fresh plant of *M. parviflora* was collected from the city of Sebha, South of Libya, in March 2014. Leaves were separated from their stem, washed with water, and then shade dried at room temperature for at least two weeks. After that, they were crushed to get a homogenous fine powder using a home blender and then kept in an air tight container in a dry place at room temperature until used to prepare the different extracts.

Animals {#sec2-2}
-------

In all experiments, healthy male Wistar albino rats weighing 120--150 g were used. They were randomly allocated to groups of six rats each. The animals were housed in the animal care facility in the Department of Pharmacology and Clinical Pharmacy and maintained at 23°C with a 12:12 h light: Dark cycle. All rats were fasted for 24 h prior to the experimental procedure. The study was approved by the Faculty of Pharmacy and the experiments were done according to the ethics guidelines of the University of Tripoli.

Drugs and chemicals {#sec2-3}
-------------------

Acetic acid, (WINLAB, Leicestershire, United Kingdom) and Gupisone tablet (Julphar, Gulf Pharmaceutical Industries, Ras Al Khaimah, UAE) containing 5 mg prednisolone was crushed into fine powder and suspended in 0.5% sodium CMC from this solution, and the corresponding doses were administered to animals in the reference standard group. Ketamine hydrochloride injection was obtained from Rotexmedica (Tittau, Germany). Lubricating gel was obtained from Joy Division International AG-Hannover, Germany, formaldehyde was obtained from BDH Chemicals Ltd, Poole, England, and polypropylene catheter from Greetmed, Ningbo, China.

Preparation of the methanolic extract of *M. parviflora* L {#sec2-4}
----------------------------------------------------------

Ten grams of powdered leaves of *M. parviflora* were placed in a flask with 500 mL of methanol, and the mixture was then extracted by agitation for 5 h at 25°C. Then, a maceration of the extracts was done overnight for 24 h. After that, the methanolic layer containing the extract was taken. The extraction was repeated on the remaining amount of the precipitate using 150 mL of methanol, and all extracts were filtered by using a 0.45 millipore filter paper. The two fractions of extracts were mixed together and then concentrated using a rotary evaporator at 40°C under reduced pressure.\[[@ref28]\] The yield was found to be equal to 1.12 g (11.2%). Fresh solutions of MEMP were prepared using 0.5% carboxymethyl cellulose (CMC) as a vehicle.

Preparation of the aqueous extract of *M. parviflora* L {#sec2-5}
-------------------------------------------------------

Ten grams of powdered leaves of *M. parviflora* were placed in a flask with 500 mL of distilled water, and the mixture was then extracted by agitation for 5 h at 25°C. Then, a maceration of the extracts was done overnight for 24 h. After that, the aqueous layer containing the extract was taken. The extraction was repeated on the remaining amount of the precipitate using 150 mL of distilled water and all extracts were filtered by using a 0.45 millipore filter paper. The two fractions of extracts were mixed together, frozen, and lyophilized.\[[@ref28]\]

The yield was found to be equal to 1.9 g (19%). The lyophilized extract was stored in air tight containers at room temperature. Solutions of AEMP were prepared using 0.5% CMC as a vehicle.

Preliminary phytochemical screening {#sec2-6}
-----------------------------------

Both extracts were evaluated for the presence of alkaloids, flavonoids, saponins, coumarins, cardiac glycosides, anthraquinones, and phenolic glycosides using standard procedures.\[[@ref29]\]

Acute toxicity testing {#sec2-7}
----------------------

Swiss albino mice of either gender, weighing between 20 and 25 g were used for toxicity study. Median lethal dose or LD50, is the lethal dose that kills 50% of population tested and is estimated as antilog of the geometric mean of lowest dose showing death and highest dose showing no death. For both extracts it was estimated using Locke\'s method.\[[@ref30]\] LD50 values were 1.995 and 2.818 mg/kg for the methanolic and aqueous extracts, respectively (usually 1/10 LD50 as maximum dose and lower doses may be tested).

Dosages of *M. parviflora* extract and standard drugs used {#sec2-8}
----------------------------------------------------------

The freshly prepared aqueous and methaonlic solutions of *M. parviflora* were administered to animals orally for 5 days in two different dosages (100 and 200 mg/kg/d).\[[@ref21]\] On 8^th^ day, the colitis was induced by intrarectal administration of acetic acid. The drug treatment was continued even after administration of acetic acid. Prednisolone was used as the standard drug. Prednisolone was not given as pretreatment. Prednisolone was administered at a dose of 4 mg/kg/d IP, for 3 d). Prednisolone and acetic acid treatment was started on the same day.

Induction of colitis and treatment protocols {#sec2-9}
--------------------------------------------

Colitis was induced in rats by intrarectal (IR) administration of acetic acid (AA). After anesthetization with ketamine in a dose of 75 mg/kg injected intraperitoneally, a soft 6F polypropylene catheter lubricated with jelly was inserted 6--8 cm via the anal canal into the colon. Two milliliter of AA (4% vol/vol in 0.9% saline) was slowly infused into the distal colon, and rats were maintained in a head-down position for 30 s to limit the expulsion of the solution.\[[@ref31]\]

The study comprised of seven groups of animals of six animals each according to the following protocol:

**Group I:** Normal control animals (received 1 mL/d of 0.5% CMC, p.o. for 5 days); **Group II**: Acetic acid control animals (received 1 mL/d of 0.5% CMC, p.o. for 5 days); **Group III**: MEMP (100 mg/kg) treated animals (received 5 days pretreatment with 100 mg/kg of MEMP, p.o.); **Group IV**: MEMP (200 mg/kg) treated animals (received 5 days pretreatment with 200 mg/kg of MEMP, p.o.); **Group V**: AEMP (100 mg/kg) treated animals (received 5 days pretreatment with 100 mg/kg of AEMP, p.o.); **Group VI**: AEMP (200 mg/kg) treated animals (received 5 days pretreatment with 200 mg/kg of AEMP, p.o.); and **Group VII**: Prednisolone-treated group, which received prednisolone (2 mg/kg, p.o, for 5 days).

On the 5^th^ day, animals were fasted overnight and acetic acid-induced colitis was performed the next morning in groups II, III, IV, V, VI, and VII by administration of 2 mL of 4% acetic acid solution intrarectally (IR).

Group I received 2 mL of 0.9% normal saline IR instead. Solutions from extracts were freshly prepared as suspensions in 0.5% sodium CMC.

Assessment of the effect of treatment on colonic damage {#sec2-10}
-------------------------------------------------------

### Assessment of treatment on spleen weight {#sec3-1}

The spleen from each animal was removed and weighed. Weight was expressed as spleen weight (g)/body weight (g) ×100.

### Assessment of treatment on colon weight/length ratio {#sec3-2}

The distal 5--7 cm segment of the colon was removed from each animal, weighed, and expressed as weight (g)/length (cm).

### Histopathological evaluation {#sec3-3}

Pieces of colonic specimens were fixed in 10% formalin and embedded in paraffin, and 5 μm sections were prepared. Tissues were routinely stained with hematoxylin and eosin (H and E) and were evaluated for the appearance of mucosa and submucosa layers by light microscopy. The evaluation was done by a pathologist who was not informed about the treatment protocols.

Stained sections were examined under light microscope for any inflammatory changes including inflammatory cell infiltration, loss of mucosal architecture, absence or presence of goblet cells, epithelial erosion, edema, and necrotic foci.

Statistical analysis {#sec2-11}
--------------------

Data are expressed as mean ± S.E.M. Statistical calculations were done with SPSS 16.0 software package. Comparison between two groups was performed using Student\'s *t*-test and comparison between more than two groups was carried using one-way analysis of variance (ANOVA). Differences were considered significant when the degree of confidence was 95% or better (*P*\< 0.05).

RESULTS {#sec1-2}
=======

Preliminary phytochemical screening {#sec2-12}
-----------------------------------

The results of phytochemical screening of the methanolic and aqueous extracts of *M. parviflora* are summarized in [Table 1](#T1){ref-type="table"}.

###### 

Phytochemical analysis of the leaves of *Malva parviflora* extracts

![](SJG-22-226-g001)

Acetic acid-induced colitis {#sec2-13}
---------------------------

Intrarectal installation of 2 mL (4%) acetic acid in rats induced a severe inflammatory reaction as evidenced by the gross macroscopic ulceration. Pretreatment with the methanolic extract and to a lesser extent with the aqueous extracts of *M. parviflora* resulted in amelioration of inflammation \[[Figure 1](#F1){ref-type="fig"}\].

![Representative photographs of rats\' colon, showing severe colonic lesions with inflammation and bleeding in acetic acid colitis group. (a) Normal control, (b) colitis group, (c and d) MEMP (100 and 200 mg/kg/5 d) followed by AA-induced colitis, (e and f) AEMP (100 and 200 mg/kg/5 d) followed by AA-induced colitis, (g) standard control prednisolone (2 mg/kg/5 d) followed by AA-induced colitis](SJG-22-226-g002){#F1}

Effect of pretreatment with the MEMP and AEMP extracts on spleen weight {#sec2-14}
-----------------------------------------------------------------------

In this study, rats with acetic acid-induced colitis showed a spleen enlargement, the ratio of percentage of spleen to body weight (0.40 ± 0.01) as compared with control treated with the vehicle and given saline enema (0.23 ± 0.01), *P* \< 0.001. Pretreatment with MEMP (100 and 200 mg/kg) for 5 days resulted in a significant, dose-dependent reduction in spleen weight/body weight ratio compared with acetic acid control group (0.33 ± 0.02, 0.27 ± 0.01, and 0.40 ± 0.01 respectively), (*P* \< 0.05 and *P* \< 0.001, respectively). The higher dose of 200 mg/kg MEMP extract produced a significant (*P* \< 0.05) reduction in the ratio compared with the lower dose of 100 mg/kg (0.27 ± 0.01 and 0.33 ± 0.02, respectively).

Pretreatment with AEMP (200 mg/kg) for 5 days also resulted in a significant reduction in spleen weight/body weight as compared with the control acetic acid group (0.30 ± 0.01) and (0.40 ± 0.01), 0.01 respectively, and *P* \<0.01). The dose of 100 mg/kg AEMP reduced, although insignificantly, the ratio of spleen/body weight compared with acetic acid-treated group. No significant difference was noted in the ratio among the group of rats pretreated with AEMP 100 and 200 mg/kg (0.34 ± 0.02 and 0.30 ± 0.01, *P* = 0.12). The standard drug prednisolone produced a highly significant reduction in spleen/body weight compared with acetic acid colitis group \[(0.25 ± 0.02) and (0.40 ± 0.01)\], (*P* \< 0.001).

Spleen/body weight ratios in the MEMP (100 mg/kg) and AEMP (100 mg/kg) were significantly higher compared with the prednisolone group \[(0.33 ± 0.02), (0.34 ± 0.02), and (0.25 ± 0.02), (*P* \< 0.05 and *P* \< 0.01), respectively\] compared with the prednisolone group \[[Figure 2](#F2){ref-type="fig"}\] as previously described above.

![Effect of treatment with methanolic and aqueous extracts of *M. parviflora* (MEMP and AEMP; 100, 200 mg/kg per day for 5 days) on the percentage of spleen/body weight ratio in rats. Data are expressed as mean ± SEM (*n* = 6). \**P* \< 0.05. \*\*\**P* \< 0.001 significantly different from control colitis (acetic acid) group. ^\#^*P* \< 0.05.^\#\#^*P* \< 0.01 significantly different from standard prednisolne-treated group. NS = Normal saline, AA = Acetic acid, MEMP = Methanolic extract of *Malva parviflora*, AEMP = Aqueous extract of *M. parviflora*](SJG-22-226-g003){#F2}

Effect of pretreatment with the MEMP and AEMP extracts on colon weight/length ratio {#sec2-15}
-----------------------------------------------------------------------------------

The colon weight/length ratio was found to be significantly increased in the acetic acid colitis group compared with the normal saline group (0.50 ± 0.02) and (0.19 ± 0.01), (*P* \< 0.001).

MEMP (100 and 200 mg/kg) and AEMP (100 and 200 mg/kg) produced a highly significant (0.00) reduction in the colon weight/length ratio as compared with acetic acid colitis group (0.14 ± 0.00, 0.12 ± 0.00, 0.15 ± 0.00, 0.15 ± 0.00, and 0.50 ± 0.02, respectively). The reduction in colon weight/length ratio using MEMP in the dose of 200 mg/kg was more prominent compared with the smaller dose of 100 mg/kg (0.12 ± 0.00 and 0.16 ± 0.00 respectively, *P* \< 0.05). The results of pretreatment with similar doses of MEMP and AEMP on colon weight/length ratio indicated that no significant difference was obtained (0.16 ± 0.00, 0.15 ± 0.00, *P* = 0.44). However, with higher doses of 200 mg/kg of MEMP and AEMP, the methanolic extract produced a highly significant reduction (*P* \< 0.001) than the aqueous extract (0.12 ± 0.00 and 0.15 ± 0.00).

The ratio was significantly lower (*P* \< 0.05) in the group of rats treated with MEMP (200 mg/kg) as compared with the standard prednisolone group \[[Figure 3](#F3){ref-type="fig"}\].

![Effect of treatment with methanolic and aqueous extracts of *M. parviflora* (MEMP and AEMP; 100, 200 mg/kg per day for 5 days) on colon weight/length ratio in rats. Data are expressed as mean ± SEM (*n* = 6), \*\*\**P* \< 0.001 significantly less than control colitis (acetic acid) group.^\#^*P* \< 0.05 significantly less than standard prednisolne-treated group. NS = Normal saline, AA = Acetic acid, MEMP = Methanolic extract of *Malva parviflora*, AEMP = Aqueous extract of *M. parviflora*](SJG-22-226-g004){#F3}

Histopathological results {#sec2-16}
-------------------------

[Figure 4](#F4){ref-type="fig"} shows examples of colonic tissues on microscopic examination. Normal control group, showing normal mucosal epithelium of tall columnar epithelial cells with goblet cells \[[Figure 4a](#F4){ref-type="fig"}\]. In the AA group, the colon morphological studies showed that AA induced serious damage to the mucous glands with inflammatory cell infiltration. The photomicrograph revealed diffused active colitis, widely eroded mucosa with ulcerations, and necrosis associated with edema \[[Figure 4b](#F4){ref-type="fig"}\].

![Representative histological slides of rat colonic mucosa. (a) Normal control group; (b) acetic acid (AA) colitis group; (c) MEMP (100 mg/kg); (d) MEMP (200 mg/kg); (e) AEMP (100 mg/kg); (f) AEMP (200 mg/kg); and (g) prednisolone (2 mg/kg). Black arrow indicates damage of mucosal epithelium, blue arrow indicates submucosal infiltration, and white arrow indicates hemorrhage](SJG-22-226-g005){#F4}

In MEMP 100 plus AA group, slight healing of epithelial cells with scattered superficial ulcers lined by colonic glands and reparative epithelial changes with less goblet cells surrounded by transmucosal fewer lymphocytic infiltrate and stromal edema was seen \[[Figure 4c](#F4){ref-type="fig"}\].

Photomicrograph from MEMP 200 plus AA group showed intestinal rat lined by healing epithelial cells, with superficial shredded cells, less eroded surface surrounded by few inflammatory edema and less necronsis. Colonic gland showed reparative epithelial changes \[[Figure 4d](#F4){ref-type="fig"}\].

Photomicrograph from AEMP 100 plus AA group showed superficial tiny eroded mucosa with hemorrhage, edema and scattered acute and chronic inflammatory cells infiltrate surrounding colonic glands with reparative epithelial changes, and few goblet cells were seen \[[Figure 4e](#F4){ref-type="fig"}\].

Photomicrograph from AEMP 200 plus AA group revealed intestinal section with better healed and improved intestinal mucosa compared with positive controlled sections with few mucosal lymphoplasmacytic infiltrate within stromal edema \[[Figure 4f](#F4){ref-type="fig"}\].

Prednisolone treatment resulted in infiltration of lymphocytes surrounding colonic glands and submucosa layers with reparative epithelial changes and few goblet cells. Slight improvement of intestinal mucosa of prednisolne group in comparison with AA group is shown in [Figure 4g](#F4){ref-type="fig"}.

DISCUSSION {#sec1-3}
==========

UC is associated with migration of lymphocytes and macrophages to the intestinal mucosal tissue. Activated white blood cells produce free radicals in the intestinal mucosal tissue, which cause lipid peroxidation, increased permeability of blood vessels, the increasing entrance of neutrophils, and expanding of inflammation in the intestinal mucosal tissue.\[[@ref32]\]

Currently, the clinical management of IBD is based on using anti-inflammatory agents such as corticosteroids, aminosalicylates, and immunosuppressants. These drugs are known for having serious adverse effects.\[[@ref33]\]

Therefore, For disease control and prevention, extensive studies on natural remedies particularly using those with antioxidant properties, have been conducted.\[[@ref1]\]

This study was aimed to evaluate the protective effect of the methanolic and aqueous extracts of *M. parviflora* on acetic acid-induced colitis in rats.

This model of colitis induction is rapid, reproducible, and resulted in a uniform diffuse colonic inflammation resembling many characteristics of human UC.\[[@ref34]\] Our results confirmed the suitability of this method, since an acute and invariably characteristic colitis was developed in experimental rats.

The macroscopic damage parameters of the colon after acetic acid treatment revealed increased colonic weight, mucosal hyperemia, edema, erosion, and ulceration in control groups and increased weight of colonic tissue due to inflammatory response, which is indicative of severity and extent of the disease.\[[@ref35]\] No changes were observed in normal saline group suggesting that handling and surgical procedure had no interference with experimental outputs.

Histopathlogical changes in the colitis group showed serious damage to the mucous glands. Necrosis is associated with edema, hemorrhage, inflammatory cellular infiltration, crypt damage, and ulceration.

Our results showed that both the methanolic and aqueous extracts of *M. parviflora* (MEMP and AEMP) in the doses of 100 and 200 mg/kg exhibited a significant, dose-dependent amelioration of intestinal inflammation as evidenced by reduction in spleen weight/body weight ratio and colon weight/length ratio compared with the control colitis group. These counts were also noticeably counteracted in the standard prednisolone group. The histopathological study confirmed our macroscopic results where higher doses of both extracts provided a noticeable healing of epithelial cells, less necrosis, and colonic gland showed reparative epithelial changes.

The preliminary phytochemical screening of *M. parviflora* extracts revealed the presence of flavonoids, saponins, tannins, steroids, coumarins, and glycosides. The protective effect may be attributed to the presence of one or more of these constituents.

Flavonoids are known to possess potent antioxidant properties. Antioxidants have the ability to neutralize free radicals and prevent cell damage due to free radicals.\[[@ref36]\] In a previous study, Rammal *et al*.\[[@ref28]\] reported that the percentage scavenger activity of *M. parviflora* leaves extract was 88% and was comparable to the antioxidant, ascorbic acid.

Acetic acid has been found to cause an increase in peritoneal fluid levels of prostaglandins (PGE2 and PGF2), hence causing inflammatory pain by inducing capillary permeability.\[[@ref37]\] The observed anti-inflammatory effects of *M. parviflora* in our study may be an indication of its inhibitory effect on prostaglandins synthesis.

Previously, crude saponin extracts of the whole plant of *Schwenkia Americana* Linn, the rhizome *of Asparagus africanus* Lam, *the leaves of Dichrostachys cinerea* Linn, the stem bark of *Ficus iteophylla* Miq, and the leavesof *Iidigofera pulchra* Wild showed significant anti-inflammatory properties in the carrageenan-induced rat paw edema test.\[[@ref38]\] Therefore, we assume that saponins present in the aqueous extract of *M. parviflora* could be a contributor to its anticolitic effect.

Tannins were also detected in the aqueous extract of *M. parviflora* L. The tannins present in considerable amounts in Cydonia oblonga Miller (Quince) extracts were effective in reducing the inflammation and ulcer indices in murine model of acute colitis. Tannins could protect intestinal mucosal layers by precipitating their microproteins and protecting the layers against chemical injuries and proteolytic enzymes\[[@ref39]\]

Condensed tannins can also help return the gastrointestinal flora to a state of balance. Patients with UC have gastrointestinal flora that favor pathogenic bacteria.\[[@ref40][@ref41]\]

Nirmal *et al*.\[[@ref43]\] have demonstrated that *T. purpurea* roots reduced myeloperoxidase (MPO) and malondialdehyde (MDA) levels in inflammed colon tissues significantly thus playing an anti-inflammatory role in the treatment of colitis, because MPO has been shown to be involved in the inflammatory reaction in colitis. This effect was attributed to the presence of glycosides.

*M. parviflora* extracts were rich in coumarins. Coumarins represent an important class of phenolic compounds with multiple biological activities, including inhibition of lipid peroxidation, neutrophil-dependent anion superoxide generation, and anti-inflammatory and immune suppressor actions. All of these properties suggest its beneficial use in the treatment of IBD.

Luchini *et al*.\[[@ref42]\] have demonstrated that coumarin and its derivative, the 4-hydroxycoumarin significantly attenuated the colonic damage induced by trinitrobenzenesulphonic acid in rats, as evidenced macroscopically, microscopically, and biochemically. This effect was related to an improvement in the colonic oxidative status, since coumarin and 4-hydroxycoumarin prevented the glutathione depletion that occurred as a consequence of the colonic inflammation.

Therefore, these preliminary results are encouraging to test the effects of dietary consumption of *M. parviflora* in patients with UC.

CONCLUSION {#sec1-4}
==========

From these results, it may be concluded that the methanolic extract of *M. parviflora* leaves (MEMP) was more effective than the aqueous extract (AEMP) in attenuating macroscopic and microscopic findings of inflammation and tissue damage induced in rats by intracolonic administration of acetic acid. The protective effect was dose-dependent with the higher dose of 200 mg/kg body weight given orally, showing better protection. Such anticolitis activity may be due to the presence of various types of phytoconstituents such as coumarins, steroids, flavonoids, phenolic compounds, tannins, and glycosides.

Several studies have indicated that these phytoconstituents possess significant anticolitis activity. Further research is being conducted to identify and characterize the exact active phytoconstituents, which may be responsible for the observed significant anticolitis activity and, in particular, the coumarins.

Nonetheless, the study has some limitations. First, the duration of the study was short and longer pretreatment periods for up to two or three weeks would be useful in particular for the evaluation of the effectiveness of the aqueous extract. Second, the study lacked the evaluation of hematological parameters, such as white blood cell (WBC) count and C-reactive protein concentrations, which may reinforce our macroscopic and microscopic findings.
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